In the last 5 years, the Colorado and Texas adoption projects have replicated and elaborated the findings of the classical adoption studies of this century: IQs of adoptees are more strongly related to the IQs of their biological parents than to measurable characteristics of their adoptive environment. At the same time, several studies from France have demonstrated substantial IQ gains in children adopted from impoverished biological parents to middle-class adoptive homes. The apparent contradiction between these two findings is emblematic of the nature-nurture controversy. A common model for resolving the paradox, the two-realms hypothesis, is conceptually inadequate and encourages separate analysis of individual and group differences. Subsuming the two kinds of findings in a single model shows that they are less divergent than they seem and highlights the need for further research into why some contradictions remain.
Despite periodic declarations of peace (Clarke, 1984b; Plomin, 1983; Scarr & Weinberg, 1980; Wachs, 1983) or victory (Feldman & Lewontin, 1975; Urbach, 1974) , the nature-nurture debate has not been resolved. There are many reasons for its continuation, some scientific and some ideological. Among the most important are the persistently opposite conclusions of two varieties of the adoption design. In one (the individual-difference design), IQs of adopted children are related to the IQs of their biological parents and some measure of the adoptive environment. Positive statistical relationships between IQsofbiological parents and adopted-away children are indicative of a genetic effect; positive relationships between rearing environment and adopted children's IQs demonstrate environmental influences. The other (group-difference) design focuses analysis on differences between mean IQs of groups. Children adopted from unfortunate circumstances into more environmentally favorable homes are evaluated to see if the environmental improvement is accompanied by an increase in IQ.
Beginning with the classic studies of Burks (1928) and Leahy (1935) , individual-difference analyses of adopted children's IQs have usually shown stronger relationships with biological parents' IQs than with measures of adoptive environment and have thus supported genetically weighted conclusions. In contrast, children adopted from deprived environments into stable adoptive homes have often shown significant increments in IQ, consistent with an environmentally weighted explanation. Indeed, these two findings have sometimes been reported in the same study.
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Correspondence concerning this article should be addressed to Eric Turkheimer, Department of Psychology, University of Virginia, Charlottesville, Virginia 22903-2477. Electronic mail may be sent to ent3c@virginia.edu. effects on IQ are essentially tables of familial correlations (Bouchard & McGue, 1981) ; reviews of environmental effects emphasize increases in IQ resulting from special educational or family programs (Clarke, 1984a; Rutter, 1985) . A recent report (Loehlin, Horn, & Willerman, 1989 ) from the Texas Adoption Project does not contain a single mean; a recent adoption study from France (Capron & Duyme, 1989) does not include a single correlation. In genetic circles, there is a growing consensus that environmental differences between families have little or no effect on IQ (Plomin & Daniels, 1987) . At the same time, Schiff and his colleagues (Schiff et al, 1978; Schiff, Duyme, Dumaret & Tomkiewicz, 1982) have published reports of substantial IQ gains resulting from changes in environment, with heritabilities purported to be close to zero.
The thesis of this article is that the apparently divergent outcomes of individual-and group-difference studies are primarily methodological, not substantive in origin. Although variance may be assigned to statistically independent sources, heredity and environment operate in a single model of causal influence regardless of whether scientists study it with individual-or group-difference analyses. AH adoption studies produce both individual-and group-difference results: Every sample of adoptees has variance in IQ that can be related to other variables and a mean IQ that can be compared with other groups. Simultaneous analysis of these two types of variation is straightforward statistically and may lead to a more unified model of the development of cognitive ability.
Methodological Arguments
Historically, the most common response to the disagreement between correlational and mean-difference studies has been to discount one of them as undependable, the choice between them depending on one's position on a hereditarian-environmentalist axis. In a field as rife with methodological complexities and entrenched philosophies as this one, shortcomings are rarely difficult to find. Munsinger (1975a) listed 15 methodological biases in adoption studies and described the threat of each to the validity of mean-difference and correlational designs (Munsinger, 1975b) . Munsinger (1975a) , favoring genetic hy-potheses, concluded that mean-difference studies are inherently unreliable, or at least that none to date had sufficiently overcome the methodological obstacles he noted.
The apparent contradictions in the results of group-and individual-difference analyses are unlikely to be reserved by methodological arguments favoring one over the other, because the two methods are more alike than different. Group-and individual-difference analyses are not two kinds of adoption study, they are two ways of analyzing a single adoption design. In fact, one kind of analysis can readily be converted into the other, as
follows. Suppose a sample of children are adopted into either enriched or impoverished environments. A researcher compares the mean IQ of the two groups and finds (using a t test)
that the group in the enriched environment fared better. Alternatively, the researcher could have represented group membership as a dichotomous (1, -1) variable. IQ could then be regressed on this variable, which would simply be a dichotomous measure of environmental quality. The resulting regression coefficient would equal the mean difference between the groups (Cohen & Cohen, 1983) , and the significance of the coefficient would be precisely the same as the t test of the difference between the means. In this light, the contention that there are different methodological threats to the validity of individual-and group-difference designs is seen to be overstated. Consider Munsinger( 1975b) assertion that selective placement is a threat to correlational studies but that group differences predating adoption threaten mean-difference studies. If a mean-difference result is represented as a regression of IQ on a dichotomous environment, selection for preexisting differences implies that children with the greatest IQ potential are placed in the better environment: This is selective placement. Just as statistical techniques such as path analysis can control for selective placement (ije, imperfectly), they can also control for preexisting differences in group means.
Two-Realms Hypothesis
The opposition between the individual-and group-difference methodologies has led to a compromise view according to which both genetic and environmental influences are important but have different kinds of effects: Environment is said to account for group differences; genotype accounts for individual differences. This solution follows from a widely misinterpreted article by Robert McCall (1981) , who proposed that two realms of development correspond to Cronbach's (1957) two disciplines of scientific psychology. Developmental Junctions trace "the measured value of a given attribute plotted across age"; (McCall, 1981, p. 2) individual differences represent "the relative consistency of individual differences over age" (McCall, 1981, p. 3). McCall's point was that when a trait is measured over time, variation between and within measurement occasions are potentially independent, in that the causes of stability across time are not necessarily the same as the causes of change or growth. Moreover, McCall argued persuasively that both kinds of variation needed to be considered in an comprehensive model of development.
Unfortunately, McCall's (1981) distinction has been widely taken to justify the notion that genes and environment can have separate causal effects between and within samples in crosssectional studies, a notion that provides an escape from the dilemma presented by individual-and group-difference results of adoption studies. For strict hereditarians, the hypothesis explains apparent environmental effects after the heritability of IQ has been declared to be essentially 1.0:
The conservative empirical conclusion to be drawn from these confusing data is that mainly genetic factors influence the rank orders of children's IQ scores while environmental differences may shift the average group IQ without significantly affecting the individual children's rankings. This empirical conclusion is difficult to understand, because one might reasonably expect that an adopted child placed in a very superior adopting home would gain more in IQ than an adopted child placed in an average or poor environment. (Munsinger, 1975b, p. 242) .
For behavior geneticists more open to the possibility of environmental influence, the two-realms hypothesis justifies continued attention to the environment despite strong genetic effects:
Even if differences in several demographic measures of family environments do not contribute much to differences in offspring's IQ scores, however, one must not conclude that the levels of environments in general make no difference for the development of intelligence. Obviously, the average performance level of the adoptive children depends on the average level of their environments (Scarr& Weinberg, 1978, p. 687) .
Similar conclusions can be reached by environmentalists willing to consider genetic effects:
Developmental functions and individual differences are statistically independent, though, because the means of two sets of scores are unrelated to the correlation between the two sets. Thus, experimentalists and correlationalists study separate aspects of mental development, and their positions regarding intellectual plasticity are distinct because they actually concern different kinds of plasticity. (Ramey, Yeates, & Short, 1984 , p. 1914 Finally, the hypothesis can be used to declare genetic effects completely irrelevant to the problem:
Whatever the "true" heritability coefficient for intelligence is (if, indeed there is such a thing), whether it is high or low, and what factors effect its calculation, the essential point is that in the context of group differences and what these differences connote, its numerical value is irrelevant. What is relevant is whether these group differences can be changed, with what means, and with what effect. (Angoff, 1988, p. 716) Although the two-realms hypothesis is now the received view of nature and nurture (e.g., Weinberg, 1989) , it is implausible to suggest that the forces shaping the IQs of groups are different from those shaping the IQs of individuals; environmental and genetic factors can affect only individuals, one at a time (Werner, Lane, & Mohanty, 1981) . In a given population, there is one and only one function describing the relationship among any set of variables. The goal of adoption studies is to elucidate the unique relationship among IQ, genotype, and environment (or some aspect of it) in a population. Although this relationship may be manifested as correlations between continuous variables or as mean differences between groups and although such manifestations are themselves subject to variation resulting from sample-specific characteristics, they all describe the same relationship among IQ, genotype, and environment. There are two realms of variance, between and within groups; there is only one realm of development.
Environmental and Genetic Effects Between and Within Groups
The false impression that there are separate causal influences on group and individual differences in IQ can be traced to several misconceptions. The first is a hypothetical scenario evident in the quotations above and sometimes made explicit (Weizman, 1971) : Suppose offspring IQ is perfectly correlated (genetically) with maternal IQ but the effect of improved environment adds a constant 5 points to the IQ of each child. This would result in an increase in the mean IQ (is., the developmental function), but because the individual differences among the children would be maintained, the perfect correlation with maternal IQ would be unaffected. The scenario seems to permit perfect heritability of individual differences in the presence of environmental effects on the group mean.
But consider the relationship between IQ and environment illustrated in Figure 1 : For the 5-point increase in mean IQ to occur, the regression of IQ on environment must have a positive slope between the environments of the biological and adoptive homes. In the scenario, the perfect correlation between adoptee and biological mother's IQ is not affected because all adoptees are presumed to receive identical 5-point increases. If, however, the adoptive environments varied along the dotted line, as in Figure 2 , different adoptees would receive different increases according to their degree of environmental improvement, that is, there would be a correlation between environment and adoptee IQ. By the same token, the individual differences among the adoptees would now depend in part on their environments, which would necessarily reduce the correlation between biological mother and adoptee IQ. In the scenario, therefore, the independence of the relationships between genes and individual differences on the one hand and environment and mean differences on the other is a consequence of the unreasonable assumption that all adoptees are placed in functionally equivalent environments. If the environment is perfectly constant across subjects, it cannot account for any variance in IQ, but this does not imply that there is no causal relationship between environment and IQ The confusion is between the shape of the unstandardized relationship between environment and IQ and the proportion of IQ variance explained by environment, which is a function of the shape of the regression and the variance of environment (Lewontin, 1974) .
A related scenario has often been proposed in the context of discussions of group differences in IQ. Suppose variation in the size of plants grown in enriched soil is entirely genetic. The same is true of plants grown in poor soil, but the mean height of plants grown in poor soil is substantially less than those grown in enriched soil. Therefore, variation within groups is entirely genetic, but variation between groups is entirely environmental.
This example is more plausible than the adoption scenario because it is more reasonable to imagine a sample of cloned plants raised in equally enriched soil than a sample of children raised in identical adoptive homes. Nevertheless, it is beset with the same confusion between partitioning of variance and explanation of causal relations. The reason all of the within-group variance is explained by heredity is not that there is no causal effect of environment-the between-groups analysis demonstrates that there is-but because there is no within-group variance in environment. Although it is correct to say that environment accounts for the difference between the groups whereas genes account for differences within them, a single model of the relations among soil quality, genes, and plant height ultimately must account for both partitionings of variance.
Genetic Constraints on Environmental Effects
AngoiFs (1988) argument about the irrelevance of heritabilities has a long history (Scarr & Weinberg, 1981) but is true only in a very limited technical sense. First of all, it should be clear that when the regression of IQ on a measure of environment is zero, no amount of change in the mean of that measure (at least in the range in which the regression was estimated) will have any effect on the mean of IQ. An increase in the mean amount of time children spend playing volleyball would presumably not result in an increase in IQ, and the reason is precisely that the regression of IQ on volleyball behavior equals zero. When the relationship between IQ and an environmental variable is nonzero and positive but very small, there is always some degree of change in the environmental variable that will produce a desired degree of change in IQ, but to conclude that the withingroup relationship is therefore irrelevant is farfetched. Among other difficulties, such a conclusion obscures the important fact that the relative effectiveness of environmental manipulations is substantially determined by the degree to which potential environmental variables covary with IQ. If one environmental variable produces a change of 1 IQ point for every unit change in the environment and another variable produces a change of 10, this is relevant to the choice between them.
Heritability Between and Within Groups
An entirely correct but potentially misleading algebraic analysis of between-and within-group heritabilities has been provided by DeFries (1972) . For a population composed of two distinct groups, DeFries showed that the heritability within each group (/!",) can be expressed as a function of the total heritability and two intraclass correlations: r, between the genotypes of groups, and t, between the phenotypes:
But this analysis only applies to standardized relationships among the variables. It does not imply that there are causally distinct relationships between and within groups. Introducing some additional notation, let 4o and & G equal the total genetic variance and the genetic variance within groups, respectively, and STP and s^P equal the total and within-group phenotypic variance. Then,
Substituting in Equation 1
,
A heritability is the square of the standardized regression of phenotype on genotype; the corresponding unstandardized coefficient (denoted as H 2 ) is equal to the heritability multiplied by the ratio of phenotypic to genotypic variance. Multiplying both sides of Equation 3 by s^r/Swa and canceling terms, which shows that the unstandardized relationship between genotype and phenotype is independent of between-groups and within-group variance. Because the between-groups and within-group variances sum to the total variance for both genotype and phenotype, the same relationship holds for unstandardized between-groups coefficients.
Standardized Versus Unstandardized Coefficients
It follows that a third source of the misconception is the persistent tendency of investigators to report results of adoption studies in terms of standardized coefficients, which confound invariant effects with sample-dependent quantities. Suppose two genetically identical groups have equivalent regressions (H and E) of IQ on genes and environment (with mean levels H, E,, and £2), that is,
The percentage of IQ variance accounted for by the environment in either study is equal to the square of the standardized regression coefficient of IQ on environment, which equals
and the expected mean difference in IQ is given by
Comparing Equations 7 and 8, it can be seen that the standardized individual-and mean-difference results share one determinant-the unstandardized regression of IQ on environmentand that each has a unique determinant that is sample specific. Group-difference results depend on the mean difference in environment between the groups; individual-difference results depend on the variance of the environment. Robert McCall (personal communication, February 27, 1991) provided a succinct example of the difference between partitioning variance and explaining causal relations:
Years ago, tuberculosis (TB) was highly heritable. This was because the TB bacillus was everywhere, so there was very little variation in environment but substantial variation in the biological disposition to succumb to the disease. Now, public health measures (e.g., sewers and soap, two environmental factors that were not present in the samples of yesterday), have ensured that most individuals do not come in contact with the bacillus, so being subjected to a poor health environment accounts for most cases of the disease today, and the heritability is very low. In terms of development, however, the disease is caused in the same way today as it was yesterday.
Summary
The two fundamental adoption designs are methods of studying one entity: the trivariate relation among genotype, environment, and IQ. The disparity in their results is unlikely to result entirely from methodological inadequacies in one or the other design, as exclusively environmentalist and hereditarian theorists contend, because the two designs are based on different expressions of the same fundamental relationships. Neither are there two realms of development, one manifest in means and the other in individual differences. Heritabilities and correlations of IQ with environmental variables, because they are standardized, vary with differences among studies in genetic and environmental variance, and group differences in IQ vary with the magnitude of genetic and environmental differences between the groups, but there are not two types of effects on IQ, one influencing correlations and the other influencing means.
Analysis of Individual and Group Differences

Reaction Norms
The invariant trivariate relationship among genotype, environment, and IQ (or any phenotype) is called a reaction norm. The reaction norm, a concept from classical behavior genetics (Dobzhansky, 1955) that was first applied to IQ by Gottesman (1963 Gottesman ( , 1968 , is a graphical representation of the relationship among genotype, environment, and a trait. It is usually drawn as a series of regressions of a trait on environment, one regression for each of several genotypes, which is simply a two-dimensional contour map of the response surface for predicting one dependent variable from two independent variables (Figure 3) .
The most important characteristic of the reaction norm as a means of representing the outcome of adoption studies is that there is only one of them. To the extent genotype, environment, and IQ can be represented as unidimensional variables, there is only one response surface describing their relationship. Each point on the surface represents the expected value of IQ for people with a particular pairing of genotype and environment. The shape of a reaction norm depends on the joint effect of genes and environment on IQ. Linear slopes along the environ- mental axis represent linear effects of environment; linear spacings between the lines representing genotypes represent linear genetic effects; parallel environmental slopes for different genotypes represent additivity (U, absence of statistical interaction) of genotype and environment. In the remainder of this article, I propose that (a) the purpose of adoption studies is to estimate reaction norms, (b) the traditional results of adoption studies -heritabilities, correlations with environmental measures, and mean differences between groups -confound the reaction norm with local characteristics of individual studies, and (c) there are well-known statistical methods to perform simultaneous analysis of individual and mean differences, resulting in more complete knowledge about both. In the analyses that follow, I assume reaction norms to be linear and additive. Both assumptions are discussed in the subsequent section. No assumptions are made about correlation between genotype and environment.
Biological Mothers and Adopted Children
In the simplest instantiation of the adoption design, the IQs of adopted children (IQ A ) are regressed on a measure of their biological mothers (DM) and their adoptive mothers (AM), which may covary as a result of selective placement. If all measures of the biological and adoptive mothers are expressed as deviations from a population mean, a regression equation can be estimated:
where Aj and b e are equal to the slopes of the reaction norm for IQ A in terms of BM and AM, p. is the population mean of the parental measure, R is a residual variance, and / is an intercept. To obtain a heritability from the reaction norm, the regression equation must be standardized. In the standardized equation, ft = b h (f aM ls A ) and ft = b,(s Aa /s A ) (Loehlin, 1987) . Under a simple set of assumptions (equal heritabilities in the parental and child generations, absence of assortative mating), heritability can be computed as h 2 -2 ft. Although beta weights can be interpreted as the percentage of adoptee variance accounted for by biological and adoptive mothers, the interpretation in terms of the reaction norm is lost, confounded with the variances of biological and adoptive mothers. A second consideration concerns the mean IQ in the unstandardized analysis and the interpretation of the intercept. Because the intercept in Equation 9 is determined as the mean IQs do not enter into the determination of b h and b, as long as the intercept is free to take any value. In addition, one can see that the intercept consists of the difference between the observed deviation of the adoptees (IQ A ) and that predictable from the means of the biological and adoptive mothers. A test of the null hypothesis that 7=0, therefore, tests whether the individual-difference portion of the analysis (b h and b e ) is sufficient to explain the group-difference portion of the analysis (the mean differences among the adoptees and the two groups of mothers).
Example: Skodak and Skeels. The prototypical analysis of group-and individual-difference results follows from the series of studies by Skodak and Skeels (Skeels, 1936 (Skeels, ,1938 Skodak, 1938; Skodak&Skeels, 1945 ,1949 . Skodak and Skeels reported a longitudinal study of 139 children placed for adoption before the age of 6 months. Subjects were tested with the KuhlmanBinet Intelligence Scale or Stanford-Binet Intelligence Scale at 4, 7, and 13 years, by which time attrition had reduced the sample to 100.
According to Skodak and Skeels, IQs of the biological parents of these children were below average. The mean IQ of 63 tested mothers from the final sample of 100 was 85.7; the average educational level of 92 biological mothers was 9.8 grades, and for fathers it was 10 grades; the average occupational level of 73 of the biological fathers was in the range of moderately skilled laborers. The adoptive parents were not tested for IQ but were substantially better educated than the biological parents.
Two apparently contradictory results were reported. The adoptees' mean IQ was 116.8 at 2 years, then slowly decreased to about 108 by age 13. The correlation between adoptees' IQ and that of their biological parents increased from .04 at the first testing to .31 at the final testing, and correlations of child IQ with adoptive parent education remained near zero throughout. Although the fundamental methodology of the study has been cogently criticized (McNemar, 1940; Munsinger, 1975a; Spitz, 1986) , it is more instructive for present purposes to take the results at face value and consider their implications for the analysis of genetic and environmental effects on IQ.
Jensen's Analysis. This most famous discrepancy between group and individual differences also produced the most concerted attempt to resolve them. Jensen (1973a) provides an exception to the prevalent confusion and rancor surrounding group-difference analyses of adoption studies. Despite some minor points that I raise about Jenseris analysis and though his resolution of group and individual results may be unduly optimistic, the analysis is important because it demonstrates that group-and individual-difference results belong in the same model. A modified presentation of Jensen's analysis follows, in terms of Equation 9. Following Jensen (1973a) , the standardized regression of the IQ of the adopted child on the IQ of the biological mother (ft) equals Viff IQgu. Jensen assumes h 2 = .7, ft = .35, and (in one version of his analysis) random mating between biological mothers and the unmeasured biological fathers, who are therefore estimated to have a mean IQ at the population mean of 100.
Substituting these values and the group means into Equation 9, we obtain (106-100) = .35(85.7 -100) + b A (AM -100)+ /. (11) Jensen then takes 0.2 as an estimate of the proportion of the variance of adoptee IQ accounted for by AM. The standardized regression coefficient ft equals the square root of this quantity, or 0.45. Finally, Jensen asks what value the mean adoptive environment must take for the intercept in Equation 9 to be equal to zero, that is, for the difference between the biological mothers and the adoptees to be completely accounted for by the withingroup relationships. Measuring the environment in terms of IQ points, he sets 7=0 and solves for AM, obtaining a value of 12 5. Accepting Jensen's assumptions for the moment, his analysis demonstrates that for the individual-difference analysis to account for the mean difference between the adopted children and their biological mothers, the mean level of the environment would have to be 1% standard deviations above the population mean.
Several aspects of Jensen^ analysis require further comment. First and most important, it was not based on Skodak and Skeels's data. In particular, the estimate of .2 for the proportion of variance accounted for by the adoptive families is difficult to justify in terms of the actual data, as is demonstrated below. Second, it is not a good idea to base this kind of analysis on standardized coefficients. Jensen's analysis uses an h 2 value of about .7 (again, not computed from Skodak and Skeels's data). Suppose, however, that a sample consisted of adopted children of biological mothers who all had identical IQs of 80. The value of h 2 resulting from such data would necessarily be 0, but the genetic expectation for the IQ of the adoptees would be still be affected by their mother's low IQ, in an amount determined by the unstandardized regression of adoptee IQ on biological mother's IQ.
Reanafysis. Skodak and Skeels (1949) provided an appendix with IQs for the 100 adoptees remaining at the end of the study, IQs for some of their biological mothers, and years of education for most biological and adoptive parents. These data were fit to Equation 9 by regressing adoptee IQ (IQ Examination 4 in then- Table 17 ) on biological mother's IQ and adoptive midparent education (from their Table 16 ). If education was available for only one of the adoptive parents, it was used as an estimate of the midparent value.
Conducting such an analysis highlights some of the methodological weaknesses of the parent-adoptee design for analysis of individual and group differences. The biological parents and the adoptees were not administered the same IQ test, so it is difficult to know how scaling differences between the IQs may have influenced the results. In addition, the mean deviation of the adoptees is a function of the deviation of the biological and adoptive parents from their respective population means, so the estimates of the population means are crucial to the analysis. For the biological parents' IQs, a population mean of 100 is an obvious choice; for years of education, however, the choice is not so obvious. I used 12 years for the reanalysis.
Biological mother's IQ and adoptive midparent education were both available for 63 adoptees. Fitting the data to Equation 9 resulted in the estimated regression equation (IQ A ~ 100) = .37(7(2™, -100) -12)+ 11.67, (12) which accounted for 1 5% of the variance in adoptee IQ. The coefficient for biological mother IQ and the intercept were both significantly different from 0 (p = .0001); the coefficient for adoptive midparent education was not. Standardizing the analysis resulted in a standardized regression coefficient for biological parent IQ equal to .39 (tf « .78), accounting for all 15% of the variance explained by the model.
What do we learn from this analysis? Biological mother's IQ is positively associated with adoptee IQ, but adoptive midparent education is not. The slope of the reaction norm for adoptee IQ along the genetic axis is equal to about one third of an adoptee IQ point per IQ point of the biological mother. In addition, the rejection of the null hypothesis of / = 0 demonstrates that the mean IQ of adoptees cannot be accounted for by the terms included in the model. Adoptive parent IQ is not helping, because the regression coefficient is in the wrong direction. The design does not tell us anything about what else might account for the mean adoptee IQ, except that it is uncorrelated with either biological parent IQ or adoptive parent education.
Separated Siblings
A more powerful analysis can be achieved when the IQs of two groups of children are compared, for example, when a sample of adoptees is compared with their nonadopted siblings. In adoptees, a characteristic of the biological parents (BP) is used as a measure of genotype and a characteristic of the adoptive parents (AP) is used a measure of rearing environment. For the nonadopted siblings, the measure of the biological parent is an index of both genotype and rearing environment.
For the adoptees (subscript A), as before,
whereas for the nonadopted (home, subscript H) siblings, for whom the biological parent provides both genotype and rearing environment,
Obviously, b, H and b w cannot be estimated in the nonadopted sample, but they can be determined by requiring them to be equal in adoptees and nonadoptees (Coon, Carey, & Fulker, 1990; cf. Wright, 1931, p. 161) . Under this assumption, the difference between the mean IQs of the adopted and nonadopted siblings equals~
1Q.H
The difference in means therefore consists of one portion that can be attributed to the difference in rearing environment and a residual portion that cannot. A test of the null hypothesis that (I A -/") = 0 tests whether the difference in rearing environments is sufficient to account for the mean difference between the groups. A straightforward method of testing this null hypothesis is as follows. Under the assumption that the within-group regressions are equivalent in the adoptees and nonadoptees, Equations 1 3 and 14 can be combined to express the regression of adopted and home children (lQ AJf ) on the characteristics of biological and rearing parents (BP and RP).
IQA.H = -I H )(GROUP) + /", (16)
where GROUP is a dummy variable that takes the value 1 for an adopted child and 0 for a nonadopted child. Its regression coefficient is equal to the difference between I A and I H in Equations 1 3 and 1 4. Note that when GROUP equals 1 , Equation 1 6 is equivalent to Equation 13, and when GROW equals 0, Equation 16 is equivalent to Equation 14. This analysis demonstrates why the separated sibling design is more powerful than the mother-adoptee design for analysis of group and individual differences. In addition to the methodological advantage of permitting the siblings to be tested with the same IQ test at roughly the same time, under the assumption that the siblings have identical biological parents (i.e., the same father) the biological parents are not involved in the group difference. Moreover, the key null hypothesis involves the difference between two intercepts, so as long as the rearing environments of the groups are measured on the same scale, one does not have to be concerned with the population means.
Example: Schiff and colleagues. The importance of separated siblings for the study of group differences in IQ has been highlighted by the work of Schiff and his colleagues (Schiff et al, 1978 (Schiff et al, ,1982 Schiff & Lewontin, 1986 ; a similar analysis, using many of the same subjects, was reported by Dumaret & Stewart, 1985) . Schiff and colleagues studied the IQ and academic achievement of 20 pairs of half-siblings, of which one member of each pair was adopted, and the other was raised by the biological mother. The sibling pairs were selected for large differences in environment. The adopted siblings (A siblings) were raised in upper-middle-class homes, whereas those remaining in their original environment (B siblings) were raised in homes that were working-class at best. The study also included 12 additional adopted children who did not have siblings in the study and 19 additional B siblings. The latter were additional siblings of the 20 A children; the 20 B children included in the study were selected for proximity in age to the A siblings.
The A children performed substantially better than their B siblings on IQ tests and in school. The mean IQ of the A children (over several IQ tests, two per child, administered at a variety of ages from 6 to 13 years) was 108.9, and for the B children it was 94.6; many more B than A children repeated a grade or were placed in a special class. As with Skodak and Skeels. it is most useful for present purposes to accept the studies' empirical findings and concentrate on their implications for the magnitude and mechanism of the effect of environment on IQ. Nevertheless, as will be seen below, it is hardly a settled matter that the differences in ability and achievement between siblings are attributable to the environment.
Granting for the time being that the entire difference between A children and B children is environmental, Schiff and Lewontin's analysis of means still leaves many questions unanswered. Most important, it does not address the magnitude of the environmental effect. The environmental effect on the mean in Equation 15 depends on both the magnitude of the regression of IQ on environment and the amount of difference in environment between the two groups of siblings. The latter is a function of characteristics of the sample, which was selected to maximize the effect of environment. Not all adopted children come from homes as poor as those in the study, nor are all adopted into homes as well off. Environmentalists have correctly insisted that strong within-group genetic relationships do not militate against the possibility of environmental differences between groups (Angoff, 1988; Feldman & Lewontin, 1975) . It follows that group effects that are based on large differences in environment do not necessarily demonstrate a powerful relationship between environment and intelligence: If group differences in environment are sufficiently large, small withingroup relationships can be greatly magnified. Schiff and Lewontin's (1986) data for the 20 pairs of adopted and nonadopted siblings, following Schiff and Lewontinls procedures as closely as possible (Table   1 ). In the three cases for which pairs of twins were included in the A group, the mean for each pair was computed on each variable and included as a single subject. The mean of the two IQ scores obtained for each subject is used for analysis.
Reanalysis. I retabulated
Although the A and B children show the substantial group difference in IQ reported by Schiff and Lewontin (1986) , the correlational data suggest that explanation of the difference is complex. Most important, the IQs of the adopted children correlate more highly with the occupational status of their biological fathers (f = -.34, ns; correlations are negative because high scores correspond to low-status occupations on Schiff and Lewontin's scale) than with that of their adoptive father (r = -.25, ns). Although neither correlation nor the difference between them are statistically significant, correlations will be very difficult to detect in these data because of restriction of variance in the occupational variables. Fifteen out of 20 biological fathers had occupations rated 32; 14 out of 20 adoptive fathers had occupations rated 10. Schiff and Lewontin's (1986) 
The coefficient for occupation of rearing father is now highly significant (p < .0001), because it has been assumed that rearing environment accounts for all mean differences.
The appropriate conclusion to be drawn from this portion of Schiff and Lewontin's (1986) data can be summarized as follows: To the extent one assumes that the mean difference between adopted and nonadopted siblings is caused by rearing environment, the environment can be shown to make a significant contribution; if one does not make this assumption, one cannot show a significant contribution of the environment. In addition, the genetic effect in these data is at least as large as the environmental effect.
Multiple Groups of Adoptees: Capron and Duyme
The most recently reported adoption study, conducted in France by Capron and Duyme (1989) , is an example of an adoption study that was analyzed entirely in terms of means; withingroup relations were completely ignored. Capron and Duyme analyzed a sample of four groups of adoptees approximating a "cross-fostering" design, including a very unusual group with highly educated biological parents and poorly educated adoptive parents. Capron and Duyme (1989) found main effects of both biological and adoptive parent education in the group means. Note that the data necessary to compute within-group relations were available (they were required for the analysis of variance Capron and Duyme describe) but not reported. As with Schiff and Lewontin's (1986) analysis, Capron and Duyme's analysis of means does not address the magnitude of either the genetic or environmental effect, because the mean differences among the groups are the result of the slopes of the reaction norm (adoptee IQ points per year of parental education) and the amount of difference in parental education among the groups.
If it is assumed (in the absence of sufficient data to perform a statistical test) that the within-group regressions are equivalent in the four groups and that differences in biological and adop-live parent education completely account for the mean differences (i.e, the intercepts are also equivalent across groups), the mean IQ of each group (IQ 0 ) can be expressed in terms of the group means for midparent education of the biological and adoptive parents:
Substituting the group means reported by Capron and Duyme (1989) Although the within-group variance for education in this study is small, it is not zero, and absent the two-realms hypothesis, there is no obvious reason why the genetic and environmental differences among the groups of adoptees should not be manifest within groups as well as between them. To account for the group differences, one would expect a correlation of .10 between adoptive parent education and adoptee IQ within groups (1.1 multiplied by the ratio of within-group standard deviations for IQ and education, computed from Capron & Duyme's [1989] Table 1 , equal to 13.21 and 1.14, respectively); the corresponding correlation with biological parent education would be. 16.
Conclusion
The foregoing analyses demonstrate that the several traditional outcomes of adoption studies-heritabilities, standardized relations between adoptee phenotype and rearing environment, and group differences in mean phenotype-share one determinant, the reaction norm, as estimated by the unstandardized regression of offspring phenotype on parental genotype and rearing environment. Each outcome also has a unique determinant that can be expected to vary from sample to sample and study to study. Heritabilities and correlations of adoptee phenotype with rearing environment depend on the variances of genotype and rearing environment; mean differences between groups depend on the magnitude of the difference between the groups' rearing environments.
The data-analytic methods that have been proposed are neither novel nor particularly complex. In fact, they are analogous to the most familiar method for simultaneous analysis of between-groups and within-group relations: analysis of covariance (ANCOVA). In ANCOVA, a dependent variable is regressed on a dummy variable for class membership and a continuous variable (the covariate). Under the assumption of equivalent regressions of the dependent variable on the covariate at each level of the class variable (cf. the assumption of equal b weights in the reanalysis of Schiff and colleagues), one can test whether the mean of the dependent variable differs among levels of the class variable after the effect of the covariate has been removed. Equation 16 is such an ANCOVA model.
The analogy between classical ANCOVA and the models required for adoption studies has been obscured because researchers' intentions are somewhat different in the two situations. ANCO\A is usually used to ask whether group means still differ after the covariate has been controlled; in adoption studies, one is asking whether group differences can be explained by the covariate. These are the same question, from different points of view: In the former, the researcher is betting against the null hypothesis of no difference; in the latter, the substantive theory of environmental influence on the group difference is forwarded if the null hypothesis is not rejected.
Complications, Explanations, and Recommendations
To clarify the methodological point that individual and group differences can and should be analyzed in the same statistical model, a number of simplifying assumptions have been made. In addition, the analyses have not always been successful in providing a unified explanation of individual and group differences in terms of their common determinant, the reaction norm. The final section of the article examines the consequences of relaxing some of the assumptions, offers some explanations of why individual and group differences remain difficult to resolve, and makes recommendations about how future adoption studies should be analyzed.
Statistical Issues
Genotype-environment correlation. Genotype and environment are correlated in natural families, and the most fundamental reason for conducting adoption studies is that one expects a substantially lower correlation in adoptees. Moderate correlations between genotype and environment do not present great difficulties from a statistical point of view, because multiple regression and related methods are expressly designed to estimate independent effects of predictor variables in the presence of moderate correlations among predictors.
Correlations among predictors have different consequences for interpretation of standardized and unstandardized coefficients, however. The expected value of unstandardized coefficients is not a function of the correlations among them. If Y= 2X i + 3X2 + 7, this remains true regardless of changes in the correlation between X t and X 2 . Increases in the correlation of /fi and Xi magnify the standard errors of the unstandardized estimates, and at very high levels of correlation, estimation becomes virtually impossible, but the expected values of the estimates still do not change.
On the other hand, interpretation of standardized beta weights of correlated predictors is quite complex. When predictors are correlated, the variance of the dependent variable must be partitioned into (at least; see below) three parts: a portion accounted for by X l , a portion accounted for by X 2 , and a portion accounted for by the correlation between the two. The difficulty is that the correlation between genotype and environment is not a fixed property of families but depends to a great degree on how families are sampled. By design, the correlation in adoption studies is smaller than that in natural families, so the proportion of variance accounted for by the various components is not the same in natural and adoptive families. One can estimate the heritability of IQ in terms of ideal adoptive families in which genotype and environment are uncorrelated, but how does this figure apply to natural families, in which genotype and environment are, and will remain, highly correlated?
Genotype x Environment interaction. The same argument applies to the Genotype X Environment interaction. The presence of an interaction between two predictors complicates interpretation of the main effects. If genotype and environment interact in the prediction of adoptee IQ, one can no longer state unambiguously that the slope of the reaction norm for IQ is equal to some number of adoptee IQ points per IQ point of the biological mother, because the value will depend in part on the level of environment. In addition, problems with statistical power are particularly acute in detecting interactions (Wahlsten, 1990 ). Nonetheless, one can still estimate the reaction norm in terms of an unstandardized regression equation that includes a term for the product of genotype and environment, for example,
which predicts a mean IQ equal to
The presence of Genotype X Environment interactions means that the shape of the reaction norm is more complex but does not change its basic interpretation. For standardized coefficients, however, the presence of interaction exacerbates all of the difficulties in variance partitioning already discussed in terms of genotype-environment correlation. There are now at least four sources of variance (genotype, environment, their correlation, and their interaction), of which the latter two cannot be unambiguously attributed to either genotype or the environment. At this level of nonindependent, nonadditive complexity, the coefficient of heritability comes perilously close to meaninglessness (Layzer, 1974; Wahlsten, 1990) .
Unexplained Group Differences
Although it has been demonstrated that the mean IQ of adoptees is potentially explainable in terms of within-group relationships, in several well-known instances, adoptees appear to demonstrate an increment in mean IQ that cannot be explained by the very small within-group environmental relationships that are found. The best-known example of this phenomenon, Skodak and Skeels's studies, was discussed in detail above. A very similar phenomenon occurred on a smaller scale in the Texas Adoption Project, leading to a brief and unresolved controversy about group and individual differences in adoptees (Horn, 1985; Walker & Emory, 1985) . Indeed, the perception that it is somehow easier to change the mean of IQ than it is to demonstrate environmental correlates of IQ has been the primary source of the mistaken enthusiasm for the two-realms hypothesis.
Once the two-realms hypothesis is dismissed as an explanation of the results of adoption studies, two classes of possibilities remain. Either the group differences are the result of subtle methodological features of the research design, or they represent genuine environmental effects that are difficult to measure in terms of individual differences. It has already been suggested that group differences are difficult to dismiss on strictly methodological grounds, because the group-difference design is not fundamentally different from any other adoption design. If the group differences are truly environmental in origin, then it must be explained why correlational analyses fail to detect them.
Selection. Adoption was once hailed as a "natural experiment," but unfortunately it isnt; adoption is a natural quasi-experiment. If adoptees were randomly selected for adoption, one could be relatively certain that adopted and nonadopted groups were genetically and biologically equivalent before they were exposed to contrasting environments. In the real world, the possibility exists that pre-existing differences in sibships influence the likelihood that one sibling will be adopted. Schiff and Lewontin (1986) go to some lengths to argue that this effect was probably small in their adoption study. They suggest that by selecting adopted children according to low occupational status of the biological father, they ensured that paternal differences between adopted and nonadopted children would favor the nonadopted, whose fathers were unselected; they suggest that the possible bias in the adopted children resulting from selection for absence of organic pathology was mirrored in the national norms with which they were compared, and that an organically impaired (deaf) nonadopted child was also excluded; and they suggest that biases resulting in the selection of "alert" children for adoption can be expected to be small. Ad hoc arguments of this type date from Freeman, Holzinger, and Mitchell (1928) , but a critical examination of the history of adoption studies mandates extreme caution in this regard (see especially Leahy, 1931) .
Selection in individual-and group-difference designs are essentially the same phenomenon. The difference lies in the relative ease of quantifying the selection to account for it statistically. In individual-difference studies, selective placement can be estimated by a correlation between the genotype of the adoptees and a measure of the adoptive environment. Meandifference designs are based on two children from the same biological mother, whose IQ is therefore not useful as an index of possible genetic differences between the siblings. Such differences can arise from biological fathers, normal genetic variation, or nongenetic congenital or perinatal effects; in any case they are difficult to measure.
Nonlinearities and threshold effects. All analyses in this article have been based on an assumption of linear relations among genotype, environment, and IQ. One way of interpreting the results of individual-and group-difference analyses of adoption studies is as evidence of nonlinearity in the regression of IQ on environment. Group-difference studies almost all involve children who are removed from poor environments and placed in adequate ones; individual-difference studies, because they involve differences among adoptive environments, are usually restricted to differences among environments that are at least middle-class. Jensen (1973b) suggested that disparities between group-and individual-difference findings could be explained if the rela-tion between environment and IQ took the form of a threshold, as illustrated in Figure 4 . If such a phenomenon exists, it should be evident in correlational analyses as well as in analyses of differences between groups. That is, if the slope of the regression of IQ on environment is greater at low levels of environment, one would find stronger correlations between environment and IQ at this end of the scale. Others (Scarr & Weinberg, 1976) have pointed out that regardless of whether the relationship between environment and IQ is linear, the variance of important environmental variables will be restricted because adoptive environments are selected, so correlations (but not unstandardized regression coefficients) between environment and IQ would be attenuated.
Nonlinearity and threshold effects do not offer easy solutions to the problems posed by adoption studies. To produce a mean difference between children reared in good and poor environments, but no correlation between the quality of the environment and IQ among the adoptees, there would have to be no adoptive homes below the threshold. If some adoptive environments were below the environmental threshold, the adoptees placed in these environments would have lower IQs, and a correlation between environment and IQ would result.
Microemironment. Jensen (1981) proposed another alternative: "My hunch is that the nongenetic variance in IQ is the result of such a myriad of microenvironmental events as to make it extremely difficult, if not impossible, to bring more than a small fraction of these influences under experimental but the difference between the means of IQ for the two groups will equal .5 + .1 =.6, allowing for a greater effect on the mean than is evident in the correlations.
The magnitude of the relationship between the unmeasured environment and IQ is usually based on the correlation between unrelated siblings raised together, a quantity with a controversial history. Figure 6 is a path model of this correlation, which can be seen to equal e 2 , the square of the total effect of the environment shared by the siblings. The most recent summary of IQ correlations (Bouchard & McGue, 1981) lists an average value of . 30, which would result in a value of e of over .5, making group-and individual-difference results far easier to resolve.
However, Plomin and Daniels (1987) 
Recommendations
Heritability. Many calls for the abolition of heritabilities have already been issued, without observable success (Feldman & Lewontin, 1975; Layzer, 1974) . Heritability (and its counterpart, the proportion of variance accounted for by environment, sometimes called "environmentality") has usually been criticized in an environmentalist context, in which the inconstancy and oversimplification of heritability coefficients have been taken as evidence that behavior is not transmitted genetically.
Behavior is transmitted genetically, but when sources of variance are random and correlated (as opposed to fixed and independent, as in animal breeding), heritability is an inadequate measure of genetic effects.
What is usually overlooked is that an equally simple, but considerably more stable and interpretable, quantity underlies heritability and other products of variance partitioning: the reaction norm. The reaction norm, as modeled by unstandardized regressions, does not vary with changes in genotypic or environmental variance or covariance. Interactions or nonlinearities complicate the shape of the reaction norm but not its interpretation, whereas components of variance become practically uninterpretable.
Group differences.
Environmentalists champion mean differences in IQ as an alternative to heritabilities, but no real advantage is to be gained. It is no more meaningful to ask, "How much can IQ be raised?" than it is to ask, "What percentage of IQ variance is accounted for by genotype?" In a particular study, the difference in mean IQ between groups raised in contrasting environments confounds the magnitude of the environmental effect and the degree of environmental difference between the groups. In a study of adoptees raised in enriched and deprived adoptive environments, simply observing that the fortunate adoptees had a mean IQ 8 points higher than their deprived counterparts only tells half the story. It would be more useful to conclude as follows: Each grade of adoptive mother's education was associated with an increase of 1 IQ point in the adoptees. The two groups of adoptive mothers had a difference of five grades of education, accounting for 5 IQ points of the difference between the adoptees. The other 3 points were not accounted for by the model. Study design. In his review of the adoption literature, Munsinger (1975a) stated that "the resemblance between adopted children's IQs and their adoptive parents' intelligence (given certain methodological restrictions. . .) is a direct estimate of the environmental part of the nature-nurture equation" (p. 624). It has since become clear that this statement is false, and therefore the classically symmetrical adoption design, in which adoptees' IQ is correlated with those of their adoptive and biological parents, no longer applies. Covariation between unrelated children reared together is a more appropriate estimate of the environmental effect on IQ. Possible selection of adoptees. Researchers using group-difference analyses must consider the possibility that selection of adoptees influences their results. Neither ad hoc argument nor Environmental explanations of group differences in intelligence will become convincing when within-group relationships between environmental variables and intelligence can be demonstrated to be of sufficient magnitude to account for the group differences. Would such an analysis prove that the group differences were caused by the environment? It would not. Proof of causation is ultimately a matter of research design, not statistical analysis, and because random assignment of adoptees will never be possible, the question cannot, strictly speaking, be resolved. (Loehlin et al, 1989; Phillips & Fulker, 1989) . Note that structural equation techniques designed for the purpose of analyzing growth and stability invariably include both means and covariances in the models (Dolan, Molenaar & Boomsma, 1991) , which is a significant cause for optimism.
Conclusion
The purpose of adoption studies is to capitalize on the reduced correlation between genotype and environment in adoptees to permit more precise estimation of the reaction norm. As modeled by an unstandardized regression equation, the reaction norm is simultaneously and equally responsible for determining the within-and between-groups results of adoption studies. The mean IQ of groups is not more malleable than individual differences among the groups' members, nor are within-group effects somehow irrelevant to effects on the mean.
Within-and between-group relationships are linked by properties of regression and analysis of variance that have been understood for at least 50 years (Burks, 1938) but which have been obscured by the rhetoric of the nature-nurture debate.
Both genotype and environment affect IQ, but the effect of individual genes or single environmental events on human abilities are often too small to detect. The foundation of behavior genetics lies in quantitative methods using sums and differences of genetic effects between people with differing degrees of genetic relationship to estimate a total genetic contribution. Environmental effects are also easier to detect when they are summed, but the current state of research methodology does not permit very subtle summations.
Most recent adoption studies, whether genetically or environmentally inclined (e.g, the Texas and Colorado Adoption Projects, the various French studies), contain sufficient data for analysis of both individual and group differences, as the reanalyses in this article have demonstrated. The false compromise offered by the two-realms hypothesis has blinded researchers to the contradictions that remain to be resolved in the results of the French group-difference analyses and the American individual-difference analyses and has justified continued separation of the statistical analyses that, if integrated, might begin to resolve them.
Beginning in the 1920s, adoption studies played a key role in establishing beyond a reasonable doubt that genetic effects were present in a great many behavioral phenotypes, IQ prominent among them. The recent studies of Schiff and colleagues have played a similar role in establishing reliable effects of rearing environment. Assertions that genetic or environmental effects are not significantly different from zero can no longer be supported; assertions that they are significantly different from zero are superfluous. Now that this fundamental task has been accomplished, it is time to lay the tired nature-nurture debate to rest and turn our attention to Anastasi's (1958) question, still unanswered more than 30 years later: How?
